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KRATAK:SADRZAJ

VP{qéeme su promene ekstraktivnih belancevina,u 1)
sveZem, 2) nesalamurenom (2 dana zrenja) i 3) mesu
tretiranom ingredijencijama’salamure ‘po§to je ono od-
zrelo dva dana. Ispitivanja ‘promena salamurenog’ me-
Sa vriena su posle dvodnevmog delovanja ingredijenci-
ja. Frakcionisanje je vrSeno usitnjavamjem uzoraka s
peskom i ekstrakecijom smeSe pesak-meso uz postepeno
dodavanje sredstva za ekstrakciju (KCl). Iz izdvo-
jenih ‘frakeija dobijeni su podaci o ekitrakeiji i frak-
cionisanju proteina, specifitnom dejstvu Cat+ i Mg++
A"Ith-aze::na aktivaciju, ultracentrifugalnoj sedimenta-
ciji i elektroforetskoj pokretljivosti. Rezultati pokazuju
da je tehnika rada bila dobia. Gubitak nekih pr&béim.a
koji se ekstrahuju pri malloj jonskoj ja¢ini javlija se
ki'ao .refzulrta‘t zrenja i salamurenja; pokazalo se da se
formiraju’ disd mova - proteinag. ‘Znatne! promene su isto
tako otkrivene kod proteina koji se ekstrahuju ‘pri vi-
sokoj jonskoj jaéini! T

.. Upb
rakteris

ja grupa faktobd Sdmosi ‘
proteina. “Brojtia 'ranifa jspitiv DO
ktori koji izazivaju promiéneé svojstava’proteina, kao pH
i mjis\ust\co specifiénih joma, znatno utifu na meso. S
druge'stirane). nij& ‘Yoznkt’ stepen” i’ ‘iticaj verijacija u
sastavu proteina " raZlIEER Svristy ‘inlédd, Udinjen je iz-
vestan' napredak u separaciji, identifikaciji i karakte-
risanju ovih . proteina, koji! se, u- izvesnim. sluéajevima,
znatno razlikuju od proteina sveZeg tkiva pre mrtviad-
ke ukodénosti. Ova ispitivanja’ éezahtevati velike napo-
re veceg broja struénjaka za duZi period vremena. Tak-
vo ispitivanie je, meédutim, logidan preduslov za razvi-
janje-naudreosnove: fia viSem! nivou u tehnologiji me-
sa. Laboratorijska istraZivanja na ovom polju trajala
su nekoliko-godina. Najpre su. ispitivani proteini mesa
pre mrtvadtke ukoteniosti & u poslednje vreme proteini
mesa uopste. ' " ’
Tema rada je problematika ekstrakcije i frakeioni-
sanja’ proteina iz svezeg, odzrelog i salamurenog sving-
skog mesa i-odredivianje promena utoku zrénja i sala-
murenja. Prifikom dspitivanja medusobnog dejstva fak-
tora koji utidu na kvalitet mesa poZeljno je prikuplja-
nje brojnih podataka koji omoguéuju adekvatne statis-
titke analize. Zbog toga je potrebno analizirati veliki
broj uzoraka. Analize proteina i ‘tizorcima mesa bile
bi znatno olakdane ako bi sé mazradio’ metod koji ‘bi se
sastojao od ekstrakcije i efikasnog frakcionisanja uzo-
raka iz Minimalni‘utroSak Viefnend i’ rada ITmajuéi o=
vo ‘u vidu; ‘ispitivaha’je ‘vrednost usitnjavanja ssmese
pesak-tkivo i. sukicesivitost izdvajanja. Pored toga, ispi-
tan “jé znadaj odredivianja dktivinosti adenozintrifostata~
ze (ATF-aze), nafotite i pogledu - uticajal aktivacije

Ca+¥ {/Mg++, kao hading: Karakterisanja proteine .

ekstraktima. Drugi metodi analiza obuhwvatili su ispiti-
vanja, pomocu disk-clektroforese  ‘sedirmentacije koris-

) Referat d&}iénﬁzna: X1 evropskoni‘sastanku: nati¢hih -radni-:
Katistrativada 'u oblasti navike o mesu, Beograd 1965.”

%%y T6 ‘ne zna¢i ‘da’ Ministarstvo ‘plojoprivréde ‘SAD ‘prepo-
ruduje_ haveden komipaniju ili njen proizvod, ili- daiskljutuje:ne:
ki drugi tiredaj 7 isti-posao. )

¢enjem ultracentrifuge, Iako:se moZe otekivati da ce
se w tokudaljih;dspitivanja poboljsati metode i’ nalin
interpretacije, rezultata,; ipak ¢e postignuti rezultati; do-
prineti boljem pezmavanju, proteina mesa i metoda. za
ispitivanje njegovoe sastava.

TEHNIKA RADA

i Uzorei mesa.~ Odmah: posle klanja uzimane su un-

- kiewvinjaszive: vage od oko 100.kg: ML semimembranosus

jeranaliziran - posle ‘pola dojednog - Sasa: (sveZi uzorci).
Délovi migica su skladigtenicutoku 2 dana pri 3°C, neki
delovi 'suanalizizani: posle -2 danarzrenja, dok su.dru-
gi uzorci salamureni 2 dana pre amalize. Salamurenje
jeovirsenio W salamyud pri 20°C sastava: 732: g NaCl; 6,72
g 'NaNOs; 448" g NaNOs»i1112. g-$edera rastverenog u
3530 givoder i
Usitnjavanje peskom-i pesana kolona.— 25 g Sun-
Ke je''dobro usitnjenc’sa’ 50 g dobro opranog:i osusenog
morskog peska(za analize) u: tarioniku. Smesi:mesa
i peska dodato je 'novih:50 g peska @ zatim je usitnja~
vanje mastavljeno..Posle toga. je.dodano, jos 190 g peska
ipromefamo —§patulom:. 225 -8.sme$e je tada ravno-
merno i oprezno. sabijeno;u kolonw (6,5 cm. siroku, 15
cim vigoku), dije je:dno bilo naginjeng od. grubog sinte-
zovanog -stakla; dodan jercastvor KCl, - pufenpvan na
pH: 7,0: (potinjudi-ts vodom. i odrzavajudi miaksimalnu
koncentraciju rod: 1;2 M. KCl — 0,05 M imidazol, pH 7;
dkupie’ Zapremire 'varinale sy od:1 de 2,152 obi¢no 1200
hl). (Posto je: svee tkivo. prvo:-hladeno,.to temperatu-
rd tkiva i ‘ekstrakta -nije. bila: vida od 5°C. U: nekim
eksperimentima; kao -onom, opisanom U, tabl..1, meSa-
vifia pesak<meso: je: ekstrahovana sa. 300 ml.0,05 M KCl,
0,002 M imidazolomi - pre' pripremanja , kolone. Kasnije,
ovo se: pokazalo:kao-nepotrebno i sve. ekstrakeije suvr-
séhie na Koloni za-izdvajanje, kao. Sto je ranije. opisano.
U cilju spajanja eluata radi- dobivanja 15 frakcija za

analizu, eluat je:apsorbovan..pri; -280 My automatskim

| fégistracionim . apsorpcionim aparatom.

" Riplitina proteina : je -odredivana biuretskom- reak-
¢ijom Koja je standardizovana,;prema nﬁkxx'g¢KJ§]’dahI
mietiodu. Altivnost;' ATP-aze je odredivana koristeci ra-
fiije opisane uslove:(i), zajedno sa .metodom edrediva-
nja neorganskog - fosfora uz . povetanu .-osetljivost ('2‘).
Diskzalek troforeza jevrSena na ekstralktima dobijenim
ekétrakeijom itkiva-sa 0,056 M KCl, 0,002:M imidazolom
i ‘ekstrahujuéi ostatak sa 0,6 M KCI, 0,025 M. anu\dazo-
16, koristeéi 7% 3% akrilamid gel.. Koris¢eni uslovi
s bili nedtolwnodifikovani u-odnosu na. ranije opisa-
ne’ (3):Kod' ultracentrifugiranja je . koris¢ena . Beck-
man-Spinco Model {E-analititka centrifuga®*).

REZULTATI I DISKUSIJA-

Usitnjavanje tkiva s peskom i postepeno izdvaja-

nje.— Usitnjavanje tkiva s peskom se mnogo. pri-
menjivalé u ranijim ‘ispitivanjima tkiva -posto ono 0~

moguéuje njegovu potpunu dezintegraciju uz minimal-
A denaturaciiu belandevina. Stoga, osnova: eksperimen-
talnog fzvodenja ovog metoda je direkina -elcshrakui:!a
tkiva Pomesanog sa peskom, koriste¢i uzlazno kretanje
KCl tastvora u cilju frakcionisanja. Metod ekstrakeije
pesalk-tkivo; ako- bi: se'usavidio,; smanjio bi operacije
potrebné " kofiveficionalnijim-metodima :ekstrakcije - 1
frakcionisanj4, ‘kao ‘§to su ‘one *koje su primenjivane ‘w




poslednje vreme (4). Efektivnost stupnjevitog izdvaja-
nja proteina u wzlaznoj hromatografiji je potpuno do-
kazana; primer je frakcionisanje miozina B pomocu
hromatografije na DEAE-celulozi (5).

Kao §to je ukazano razlikama u promenama aktiv-
nosti ATF-aze vidljivih frakecija u podacimia iz tabl. 1.
i 2, frakcionisanje je izvrSeno stupnjevitim izdvaja-
njem. Brzina protoka kroz smesu pesak-tkivo je bila od-
li¢na. KoriS¢ena je brzina protoka od, 3 m/min., medu-
tim, kao $to ¢e kasnije biti pomenuto, nije utvrdena op-
timalna brzina protoka. Pri kontinualnom registrova-
nju apsorpcije u funkeiji od zapremine eluata obidno
nisu -postojali maksimumi, kao 5to bi' se odekivalo, u

lpolf’ledu ‘male varijacije u koli¢inama proteina ekstra- .

hovanih u sukecesivnim frakecijama (tabl. 1). Izuzetak
je bila stalna pojava maksimuma kod.  ekstrahovanih
salamurenih uzoraka kad je rastvor za ekstrakeciju bio
0,256—0,35 M KCl. Koli¢ina wukupno ekstrahovanog pro-
teina, poredec¢i ukupnu koli¢inu proteina ekstrahova-
nog iz mesSavine pesak-tkivo s ekstrahovanom koli¢i-

nom iz uzorka usitnjenog s peskom i mudékanog cele .

10¢i'$a 8 zapremina 0,6 M KCl, pH 7 — iznosio je 75 do
preko 90 odsto. Potpuniji podatak bi se verovatno do-
bio kad bi ‘se zapremina rastvora poveéala pri stupme—
vitom izdvajanju.

Nadeno je da sadrzaj proteina ekstrahovamh datom
koli¢inom eluata u velikoj meri zavisi od brzine pfo-
toka. Tako, pri koriSéenim uslovima, nije -doSlo do rav-
noteZze, tj. rastvori za ekstrakciju se misu zasitili prote-
inom. Da bi se potpunije ocenila moguénost eksirakcije
s peskom, u daljem se radu ispituju rezultati dobijeni
koriS¢enjem razli¢itih brzina protoka.

l‘rakcnomsan,]e na osnovu aktivnosti adenozintrifos-
fataze.— Ispitivanje predi§éenih proteina misica pre
mrtvatke ukodenosti je pokazalo da miozin pokazuje
deJ.stvo ATF-aze u pogledu aktivacije Cat+, a aktomi-
ozin ili miozin B u pogledu Mg+ (6). Analize koje su
se zasnivale ma ovim ¢injenicama efektno su posluZile
u ispitivanjima brzine formiranja aktomiozina, $to se
ogledalo u simultanom opadanju dejstva aktiviranih
Ca *t+ i poveéanju dejstva aktiviranih Mg++ jona (1).
Pri ispitivanju su kori$éene slicne analize. Rezultati u-
kazuju da su takve analize pogodne. kod ispitivanja me-
sa za odredivanje svojstava komponenata proteina, ma-
da se posmatrana aktivnost adenozintrifosfataze u zre-
lom i salamurenom mesu moze. zapaziti i kod izmenje-
nih proteina koji se razhlmju od protema svezeg tki-
va.pre mrtvatke ukodenosti.

Relativno poveéano dejstvo ATF-aze proteina eks-
trahovanih pri maloj jonskoj jadini (tabl. 1, frakeija 1)
na aktivaciju Mg+ + odraz je prisustva enzima kojiakiti-
viraju Mgt+, a koji su ekstrahovani iz pojedinalnih
materijala; Jxecdma razlika © pogledu prisustva prote-
ina zapaZena je izmedu meSavina pesak-meso koje su
prethodno ispirane sa 0,056 M KCl (tabl. 2) i onih kod
kojih je ova procedura izostavljena (tabl. 1). Smanje-
njem frakecija 3 do 7, dejstvo aktiviranog Mg+t se zna-
dajno povedéalo ueluiranim frakcijama. Dejstvo aktivi-
ranog Ca++ pojedinih ifirakcija odvijalo se na uobica-
jen, sli¢an nadin, ali je bilo znatno izrazenije u frakei-
ji 7 u odnosu na dejstvo aktiviranog Mg+ +. Podaci po-
kazuju da se odvijalo odrede.no Lfr.’aﬂ‘:(:iocrus\arnje, dajuéi
c1Je poveéanog dejstva k;ato rezultat napredovan)a stu-
pnjevitog izdvajanja. Podaciutabl. 1. ir 2. pokazuju da
proteini s najveéom enzimatskom aktivnogéu nisu bili
ekstrahovani sve dok je jonska jadina bila relativno
visoka u poredenju sa onom koja se obi¢no koristi za
ekstrakeiju migiénih proteina. Isp1rt1vam3a udvamma
pri razli¢itim .brzinama protoka mogu -dati ob]a,s"ljenje
ove tendencije.

Uticaj zrenja i saliamuren,]a na specifi¢cnu aktivnost
ATF-aze. Kao $to se vidi iz podataka u tabl. 2, aktiv-
nost ATF-aze je opadala. U frakcijama koje su sadrza—
vale - glavni deo proteina (frakcije 6-10), ATF-aza je
znatno opadala u toku 2 dana skladiStenja i ne$to vise

Tipi¢ne analize frak,cija iz'd,vojenih':iz salamurenog
. svinjskog mesa

Tabl. 1.
9o . 'Specifi¢no dejstvo
~ S E ) ATF-aze na 2)
= =g s o
—:—42 _g' = % = g aktivirani | aktivirani
| 8SE | @f&f| Gt | Mgt
1 100 85 2,3 13,7
2 100 106 1,3 8,9
3 100 89 1,9 5,0
4 125 87 4,6 5,6
5 100 51 5,4 7.8
6 100 45 3,2 9,5
7 100 51 7,8 3,5
8 100 43 4,6 10,5
9 100 51 10,4 13,9
10 100 41 23,1 44,2
11 100 31 19,6 37,8
12 75 30 19,1 34,7
7101)3)

1) Ovaj uzorak je ekstrahovan dva puta sa 0,05 M KCI, pH
7,0

2) Mikromola P, /mg protena/min. X 10 —3

3) Tkivo je dalo 11,17 mg/ml kad je ekstrahovano preko noci
sa 200 ml. 0,6 M KCI i 4,24 mg/ml kad je ekstrahovano sa
300 ml 0,05 M KCl, pokazujuéi 11,17 mg X 200 — 4,24
ng X 300 = 962 mg proteina ekstrahovanih slanim rast-
sorom visoke jonske jacine, koji ne mogu biti ekstraho-
sani pri maloj jonskoj ja¢ini. Na osnovu ovoga, 74 odsto
je otkriveno u gornjem ekstraktu.

Promena specifiénih ATF-aza aktivnosti ') u toku skla-

distenja i salamurenja

: Tabl, 2.
Frak- | Aktivirani Ca™+ . Aktivirani Mgt
cija | syeze ‘ zrelo |ﬁalamu. sveZe | zrelo }salamureno
1 3,9 2,0 2,2 175 135 9,3
2 17,1 4.6 9,2 29,9 20,2 —
3 19,7 8,5 9,8 29,4 28,3 31,9
4 19,8 7,5 9,2 30,0 17,7 27,9
5 382 71 8,8 51,1 175 235
6 45,0 10,7 8,7 59,92) 18,1 25,5
7. 24,6 72 10,6 42,6 20,3 . 27,4
8 73,8 24,0 74 93,02) 43,3 14,9
9 73,2 32,0 23,8 ‘97,0 62,8 58,3
10 73,2 73,5 52,3 97,32) 83,8 '80,()

1) Mikromola Pi/mg proteina/min. x 10-3
2) Frakcije analizirane ultracentrifugovanjem.

u toku 2. dana salamurenja. Posto se odnos specifiénog
dejstva -aktiviranog Mg+ + prema specifitnom dejstvu
aktiviranog Cat+ poveéao u toku zrenja i salamure-
nja, podaci ukazuju daisukomponente proteina koje se
pojavljuju u toku zrenja i salamurenja bile tipa akto-
miozina, bar toliko koliko se moglo zakljuéiti iz aktiv-
nosti ATF-aze.

i Analize ultracentrifugom.— Nekoliko frakcija do-
bijenih izdvajanjem iz meSavine pesak-meso analizira-
no je ultracentrifugom (frakcije 6,.9 i 10, tabl. 2).. Pri
sutni proteini su pokazali da su meSavine koje sadrze
manje koli¢ine proteina kOJ.l se -taloZe pri malim brzi-
nama (24.600 o/min.), a veée koli¢ine proteina koji se
taloze pri vedim brzinama (59.700 o/min.) kao Siroki
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salamurenja. Dve frakcije, Rn 0,91 i 1,10 nisu se bitno
menjale ni skla(dmsterh]em ni sallamuremem Rezultati u-
kazuju da je doS§lo do vidne promene ukljucujuéi de-
strukei ju. i formirgnje komponenata razligitii pokretlji-
vosti;

Dve gleaime kompohente'f su razdvmene fdiskaelek-

retljw;ueg (A) s od:nmu g mfame pakﬁeban (B) b
bein dokazasn je bo; mem ella s»a A‘mndvo SchWa Z b

tine. Odri6si’ prb’oemaJ 4men3a3u se'i toks
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nJe pokretlylvim'

g@dam nya}cin it xspid:lva}mu pi‘@ten»
-da’disk-elektroforezd: moze-da* da 'kom.rfe’mformacueu

ispitivanjima: koja “treba jo§:da se: obave.
REZIME

TIspitivani su ekstnakcua i-frakcionisanje kompone=
nata protéina uzordka. svezeg,-odzrelog i salamurencmg
m:vsemimeémbranosus : vmja\komstieél Aehniku ckoja: se
sastoji od rusitnjavanja:'s.peskom i ekstrakcme mesSavi-
ne pesak-tkivo dzdvajanjem s KCl pomodu nzlazne hro-
matografije, ‘Rezultati ekstrakcijesi frakcionisanja odo-
bijeni su odredivanjefn sadrZaja proteinskoy azotay spe-

Meat: Laboratory, Eastern Jtilization, Research-
and Development Divi:}xon, Agri¢ultural Researeh
Service,,Umted States Department of Agriculture,
‘Philadelphia

Disk-elektroforeza ekstrakata Sunke !)
‘Tabl. 3.

Relat : Capar -
@kretlnvost(Rm)‘ Sveze Ztelo, | Salamureno.

Eksmfahovasno sa>0 05 MJKOL pH 72)

0 13y
10,87 0"
0.07
1,00
1,10
1,20
1,50

RO WS

NN, GO
- U 00 RO

Ekstrahovano-sa 0;6: MKCl, pH: 74)

Odnos kom-

ponenata A i B°) 0,58 0.39. 0,27

1) 25: g tkiva, usﬂ:n;enog -sai-50 jg:-peskai i ekstrahovanng: sa
300),ml 10,05 M»KCI ;PH: ! - 200 :ml;0,6 M KCl, ' pH' 7
2) E kclomsano a, 7% akrilamid ‘igelu

.- akrilamid-~ gelu
omponenata A i./B ‘dobijenih: mtegmu]om

S) Odno ‘lgol;qma
povrs 13, 1spod,mak31muma koje: je registrovao:merad! gus-
tine

cificnih dejstava, Catd i MG ¥+ aktiviranih -ATPi8zom
1:8€ ,v,mantammm wltracentrifugom. : Efekti zrenJa i ‘sa-
urenja; na'komponernte proteina  su:iste: tako  od-
ani canalizirajué; rekstrakte; Koristeéi ‘disk-elektro-
Na -osnovu-rezultata: mogl'r se. izvuéi sledeéi zak-

3 1:1
mo u osrednjoj e ‘utméé.la 9 dana’ Sa,lamwnema Ak—
tivnost ATF-aze proteina pomerena je od waktivnosti
»miozin-tipag, ka aktivnosti »aktemiozin-tipac:

4. Rezultati disk-elektroforeze su pokazali znacajne
promene koje isusutvrdene : U -obe’! grupe:dnaliziranih
proteind;  ekstrahdvanih: wastvaratima -priynizoj ili«vi-
$oj jonskoj jadini. One:-su.rezultat ;zrenja i salamure-
nja.
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PROTEIN CHANGES: IN 'PRODUCING CURED PORK*

C. E. SWIFT, W. L. SULZBACHER, S. M.. MOZERSKY; J. B.'PETTINATL §: D. KOLMAN
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problem in meat research. It is evident that the most
important -group of: factois concerned are the content,
composition, and properties of the proteins. Conside-
rable past research has shown that factors which mo-
dify the properties of proteins, such as pH and the pre-
sence of specific jons, markedly affect meat. On the ot-
her hand, the extent and effect of variations of protein
composition in meat of different kinds is not known.
Only limited progress has been made in separating, i-
dentifying, and characterizing these proteins, which, in
some instances, are significantly different from those
present in fresh (prerigor) tissue. The task will demand
the efforts of numerous investigators for a considerable
period of time; however, such research is a logical pre-
requisite to the development of a more scientific basis
for meat technology. Research in this area has been
conducted for several years at the ‘authors’ laboratory,
first, emphasizing investigations of the proteins of pre-
rigor tissue, but, more recently, those obtained from
meat.

The present report is concerned with the problem
of extracting and fractionating proteins from fresh, a-
ged, and cured pork and determining some of the chan-
ges which occur-on aging ‘and curing. In investigating
the relationships that affect meat quality, it is general-
ly desirable that one develop enough quantitative data
to permit adequate statistical analysis. In such investi-
gations. analysis of humerous samples is' required. The
amalysis of proteins-in samples of meat ‘would be gre-
atly facilitated if a method were developed that pro-
duced thorough extraction and efficient fractionation
of samples with a minimum of manipulation. With this
purpose in mind the value of sand-tissue grinding and
gradient elution was explored. In addition, the useful-
ness of "determinations of adenosine triphosphatase
(ATPase) activity, taking advantage of the effects of
preferential Ca++ and Mg+t+ activation, has been in-
vestigated as @ means of characterizing proteins in ex-
tracts. ‘Other procedures consisted of analyses by disc
electrophoresis and ultracentrifugal . sedimentation.
While continued investigation can. be expected to im-
prove procedures and interpretation of data; result ha-
ve been obtained which should contribute to & better
understanding .of the proteins of meat, and to methods
available for investigating composition.

EXPERIMENTAL AND METHODS

Meat Samples. Hams from 200-pound pigs were ob-
tained immediately after slaughter. Analysis of the se-
mimenbranosus muscles was begun within 1—!/, hours
(iresh samples). Portions of the muscles were stored at
3°C. for 2 days; some portions were analyzed as 2-day
old samples, and others were cured for 2 days before
analysis. Curing was done in 68° pickle, -containing 732
g. NaCl, 6.72 g. NaNO,, 448 g NaNO; and 112 g. su-
gar dissolved in 3530 g. water.

Sand Grinding and Sand Column. 25 g. of ham was
thoroughily ground with 50 g. of thoroughly washed and
dried sea sand (reagent grade) in a mortar. Approxi-

mately 50 g. of sand was added and the grinding con-

tinued. Then 100 g. of sand was added and mixed, u-
. sing a spatula. The entire 225 g. of mixture was then
pressed uniformily and lightly into a column (6.5 cm.
width, 15 cm. height), the bottom being made of coar-
se sintered glass; and a linear gradient of KCl solution,
butfered at pH 7.0, was introduced (beginning with wa-
ter and atfaining a maximum concentration of 1.2 M
KCl-.056 M imidazole, pH 7, total wvolumes varying
from 1 L. to 2 L., but usually 1200 mi.). After the fresh
tissue was initially cooled, the temperature of tissue and

company or its product to the exclusion of others in the same
business.

extracts was not higher than 5°C. In some experiments,
such as that described in Table 1, the sand-meat. mix-
ture was extracted with 300 ml. 0.05. M KCI, .002 M
imidazole prior to preparing the column. Subsequently,
this was found unnecessary and all -extractions were
accomplished by elution of the column, s described
above. As a guide in combining portions of eluate to
provide up to 15 fractions to be analyzed, the absorban-
ce of eluate was monitored at 280my, by an automatic
absorbance recorder. : ;

Concentrations of protein were determined by the
biuret reaction which had been standardized by the
micro-Kjeldahl method. ATPase activities were deter—
‘mined using previously described ‘conditions (1), com-
bined :with & method for determining .inorganic phos-
phorus with increased sensitivity (2). Disc electrophore-
sis was undertaken on extracts obtained by extracting
tissue with 0.05.-M KCI, .002 M imidazole and by extrac-
ting the remaining residue with 0.6-M KCI, .025 M imi-
dazole, using 7% ‘and 3%.acrylamide gels, respectively.
The conditions used were a slight modification of those
previously - described (3). In ultracentrifugation, the
Beckman-Spinco - -Model, E -analytical . centrifuge?) was
employed.

RESULTS AND DISCUSSION

. Sand-Tissue Grinding and Gradient Elution. Grin-
ding tissue with sand has been widely used in previ-
ous tissue studies because it provides a thorough di-
sintegriation of -tissue with minimum denaturation of
proteins. Therefore, the principal experimental aspect.
of the method presently used was direct extraction of
the tissue while still mixed. with sand, using an ascen-
ding gradient of KCI solution to obtain fractionation.
The sand-tissue extraction method, if perfected, would
reduce the operations necessary. in more conventional
methods of extraction-and fractionation; such as that
which has been japplied in a relatively recent approach
tc the problem: (4). The effectiveness of ascending gra-
dient elution in the chromatography of proteins is tho-
roughly proven, an example being the fractionation of
myosin B by chromatography on DEAE-cellulose (5), ..

As indicated by differences and changes in the
ATPase activities of fractions apparent in the data gi-
ven in Tables 1 and 2, gradient elution accomplished
some fractionation. An excellent rate of flow through
the sand-tissue-mixtures was possible. A rate of flow
of approximately 3 mil. per minute was used; however,
as noted below, the optimal rate of flow has not been
established. Continuous plots of absorbance vs. volume
of eluant generally lacked peaks, as would be expected
in view of the small variation of amounts of proteins
extracted in successive fractions (Tabl 1). An excep-
tion was 'the consistent appearance of a peak in ex-
tracting cured samples when the extracting solution
was 0.25-0.35 M KCl. The yield of total protein extrac-
ted - comparing the total protein extracted from sand-
tissue mixtures with that extracted from samples ground
with sand and stirred overnight with 8 volumes of 0.6
M KCl, pH 7 — ranged from 75 to over 80%,. More com
plete recovery would probably have been obtained had
the volume of solution been increased in gradient e-
lutiion. ) .

It was found that the amount of protein extracted
by a given amount of eluant was markedly influenced
by the rate of flow. Thus, under the conditions used,
equilibration did mnot occur, i. e., the extracting soluti-
ons did mot -~become saturated with protein. To
more completely evaluate the capability of sand-ti-
ssue extraction, results obtained using various rates of
flow are being. investigated.in further work.

‘Fractionation Obtained Based on ATPase Activiti-
es. Investigation of purified proteins prepared from
prerigor muscle tissue has shown that myosin exhibits -



a Cat+ :act1x§«beg {J}Tﬂa@e @ommty -andy acbomywm or
myosin“B4 Mg++ -activated ATPase activity (6). Ana-
lyses based on these facts have been effectively used in
studives of ‘the rate of ‘formatidmyiof ac’aamyos in;which
Oaﬁar\rna++tmn was marked bya snmufllbaneou:s decrease of

-activity. an. increa T -activated ac-
tivity (1). The %Msﬂcéﬁxoﬁ* of Quang Mﬁfnalyﬁes in the
present investigation "was .expldmamory The results sug-
gest that’such amalyées are of Vallue in meat research
for determining the ‘properties Iof protein connponen‘os
even though the observed ATPJase activity in aged or
cured 'meat may be: xproduced by modified proteins
which are different from those ‘of fresh, or’ prerigor,
tissue. )

The relatively elevated-- Mg+ + -activated’ ATPase
activity of proteins extracted at low ionic strength
(Table 1, Fraction 1) reflected the presence of Mg++
-activated enzymes, which are extracted frrom  particu-
late materials; thepresence of proteins: from this sour-
ce was the oznly difference noted between prewashing
sand-meat mixtures with 0,05 M Cl (
omitting’ ithis pmcédsume ' (Tabile % de
Fraetions8 to -7, the' Mg+ +lactivated “detivity
sed markedly in t.he fractions eluted ﬁeraaﬁter _The
Ca++ -activated activity’
rally similar pattern
Fraction 7 in pmpantron
The' data 'Show that a4 deif Oifia
vielding the fidction eéxtractéd at 16w ionic Stfength a;nd
fractions of increasing activity as the gradient eluti-
on proceeded. The data in Tables 1 and 2 show that
proteins of highést ‘ehzymic detivity’Were not extracted
until the donic strength was relatively high compared
with. that:usually: used . for extracting,muscle iprofeins.
Investigations to be conducted of the effectss otne@lurmng
at, different rates of-dlow may provide: anexplanation of
this tendency.

Table 1. A, Typma.l Analysis of :Fractions: Eluted .from
Cured Pork!)

. Sl

Fraction | . Volume: Protein acnvity b
collected, ml.|extracted, mg.| ~, -+ Mg o -
-activated |3ctivated
1 100 85 2.3 13.7
2 100 106 1.3 6.9
3 100 89 1.9 5.0
4 125 87 4.6 5.6
5 100 51 5.4 7.8
6 100 45 3.2 9.5
K 100 51 7.8 3.5
8 100 43 46 10.5
9 100 51 104 13.9
10 100 41 231 44,2
11 100 31 19.6 37.8
12 75 30 19.6 34.7
7101)3)

1) This sample was extracted twice with 0.05 M KCl, pH 7.9,
prior to gradient extraction.

2) Moles P, per mg. protein per min. x 103.

3) Tissue y1elded 11.17 mg./ml. when extracted overnight with
200 ml. of 0.6 M KCl and 4.24 mg. /ml when -extracted with
300 ml. 0.05 M KCl, indicating 11.17 mg. x 200 — 4.24 mgx
x 300 = 962 mg. protein extractable by salt solution of high
jonic stength, unextractable at low ionic strength. On this
basis, 74%, was recovered in the above extraction (which
was not conducted exhaustively).

i Table 20 Change of Specific ATP-aze Aetivities') During
Storage and Curing

| ‘sMg 'H‘»-achvated

Fraction|——

Fractionyg Fresh | Aged] Cured
1 9 75 135 9.8
2 17 299, 202 _—
3 197 29.4 283 319
4 19.8 30.3 177 279
5 38.2 51.1 175 235
6 450 107 8.4 59.92) 181 255
7 24.6 72 106 426 203 274
8 738 240 T 93.02) 433 ‘149
9 732 B2 238 9700 628 583

10 732 735 525 o7, 32)

838 80.0

er. mg. protein permin..% 10-3
ed. by, ultracentrifugation.

contammng ,(th:eqbuﬂk of 'the rprotems (Fraéﬁibﬁé 6—10)
ATPase »decreased ma;rked.ly du.mmg 2 days of stora-

‘ 4 -alcmyategl spem
m'vabed specuilc ac‘uwulty increase
ring, the data indi
Tkt

sedLmenti vxpl%hout \ 1
cal normall myosin or :aotomy»oslm (myosins A and B) was
inexplicable.

Effects of Aging and Curing Based on Electropho-
retic Fractionation. The results obtained with. disc e-
lec¢trophoresis‘ on acrylamide geéls are shown in Table
3. It should be noted that the extracts. fractionated we-
re obtained by direct extraction of tissue, not by sand-
-meat gradient elution. Detection of minor components
appeared to be limited by the amount of protein frac-
tionated by ithe method (200 p g samples), since tra-
ces escaped detection on staining: Qwing to this, or the
possibility * ‘thiat the method as used was capable of
limited resolution, only sevan imajor fractions were ob-
fained from pork, wheneas 35 bands have previously be-
en noted on fractionating comparable material from
beef by starch-gel electrophoresis (7). The data show
that seven fractions were obtained by electrophoresis
of extracts obtained by extracting pork samples with
0.05 M KCL. Two fractions, with Rn (mobility ratio) va-
lues of 0.11 and 1.50, were only obtained from the fresh
tissue. One fraction, R 0.87, increased during the two
days of storage and even more on curing. Another, R
1.20, increased appreciably during two days of storage
and subsequent curing. Two fractions, Rm 0.91 and 1.10,
were substantially unaltered by either storage or cu-
ring. The results indicate that appreciable change oc-
curred, including destruction and formation of com-
ponents of different mobilities.

Two principal components were separated on disc
electrophoresis of proteins extracted from fresh, aged
and cured samples with 0.6 M KCl. The ratio of the



-amount of the more mobile (A). to the less- mobile:(B)
protein’ were determined.by staining gels with Amido
Schwartz stain and’ tracing the absorbance with a re-
_cording densitometer, The proportions of proteins chan-
ged during aging and curing; as shown in ‘Table 3 by
the decreasing ratios - 0.58, 0.39, and 0.27 - of the midre to
the less mobile fractions. Although fractionation of my-
ofibrillar proteins by .electrophoresis has not. been an
especially effective fool in protein research, the re-
sults suggest ‘that disc electrophoresis may provide u-
seful information in additional investigations to be un-
dertaken.

SUMMARY ,

The extraction and fractionation of protein com-
ponents of fresh, aged; and cured samples of pork semi-
membranosus muséle was investigated -using a techni-
que which involved grinding Wwith sand and extraction
of the sand-tissue mixtures by elution with an ascen-
ding gradient of KC1. The results-of the extraction and
fractionation were' assessed by détermining protein ni-
trogen content, specific Ca++- and Mg++ -activated
-ATPase -activities -and ;. ultracentrifugal - sedimentation
The: effects of aging-and.curing on protein ‘components
-were. also._determined. by analyzing extracts using 'disc
electrophoresis.. The conclusions reiached were as -fol-
Jows: - )

1. The development of ‘an analytical tool based on
-sand grinding ard gradiént elition of sand-tissue mix-
‘tures may be-possible.

2. Determination of preferential activation of ATP-
‘ase activity is a uniquely powerful tool for meat com-
‘position studies: o

.3. The ATPase activity of pork decreased marked-
ly during’2 days storage; but was. affected only to
a moderate extent by 2 .days of curing. The ATPase

the proteéinis shifted from ‘a smyosintype« to

activity of ‘the g

an’»actomyosin-type« of activity.

4. Results with. disc electrophoresis showed marked
changes occurred, in both groups .of proteins analyzed,
those extracted with solvents at either, low or high
ionic strength, as a result of aging. and curjng, .

~ ‘Table 3. Disc Electrophoresis of Ham ﬁxtracts‘)

Relative

mobility (Ryy) | Fresh

Aged JI Cured

‘Extracted with 0.5 M KCI, pH 72)

0.11 18). 0 0

0.87 0 1 8

0.97 8 8 7

1.00 2 4 1

1.10 7 8 6.

120 2 5 7

Extracted with:0.5 M KCl, pH T4)

Ratio, components _
A'and B® 058 039 0:27

1) 25 g. tissue ground with 50. g..sand.and extragted with to-
tal of either, 300 ml. 0.05 M.KCl, pH 7, or 200 ml. 0.6, M
KCl, pH 7. i s
2) Fractionated on 7Y, acrylamide gel,
'3) Relative proportion of fraction.:
4) Fractionated on 3% acrylamide- gel.
5) Ratio. of amounts of components A and B obtained by in-
. tegration -under peaks of densitometer tracings.
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